Abstract Sinonasal inverted papillomas (SIP) are unique group of locally aggressive benign neoplastic lesions arising from mucosa of sinonasal tract with potential for recurrences and known association with squamous cell carcinoma in 5-15 % of cases. This study was conducted was to assess the efficacy and usefulness of the nasal endoscope in treating SIP. We reviewed 28 biopsy proven cases of SIPs that were treated at our hospital between June 2009 and September 2013. Average patient age was 46 years. Fourteen were treated by transnasal endoscopic excision of tumor with noted recurrence of 21.43 %. Thirteen were treated by endoscopic assisted open surgery which had 23 % recurrence. Three patients had malignant inverted papillomas, of whom two (7 %) were found to have synchronous squamous cell carcinoma and one (3.6 %) had metachronous squamous cell carcinoma. No evidence of recurrence was found in rest during our follow up. The endoscopic approach is the preferred method for the treatment of the majority of inverted papillomas. Powered instrumentation is extremely useful to achieve good results. Although significant number of cases was done by external approach by lateral rhinotomy, the endoscopic assistance is required to ensure complete removal of the tumour to reduce the recurrence rates. Close follow up of the patient for a longer period of time is necessary for the early detection of recurrence and to allow for surgical salvage.
Introduction
Inverted papilloma of the nasal cavity and paranasal sinuses is a benign epithelial tumor of unknown etiology, Sinonasal inverted papilloma (SIP) is one of the sub-types of Schneiderian papilloma. First described by Ward in 1854 [1] , SIP represents 0.5-5 % of all sinonasal tumors.
Schneiderian Papillomas were named in honour of C. Victor Schneider, in the 1600s, demonstrated that nasal mucosa produces catarrh and not Cerebrospinal fluid and identified its origin from the ectoderm. The earliest description of the nasal papilloma was by Billroth in 1855 [2] . Later, it was differentiated into hard and soft papilloma by Hopmann in1883 [3] . SIP has characteristic polypoidal, fleshy, granular, mulbery appearance, bleeds on touch. It must be distinguished from other papillomas and polyps of nose. The characteristic endophytic growth pattern and the term 'inverting papilloma' was coined by Ringertz in1938 [4] . It has many synonyms e.g., 'genuine papilloma of the nasal cavity' [5, 6] , 'inverting papilloma' [7] , and 'inverted papilloma' [8, 9] , epithelial papilloma, fungiform papilloma, transitional cell papilloma, squamous cell papilloma, papillary sinusitis, soft papilloma, cylindrical cell carcinoma, polyp with inverting metaplasia, Ewing's papilloma and benign transitional cell growth. Vrabec suggested the term 'inverted Schneiderian papilloma' as these tumours originated from schneiderian membrane, which was derived from ectoderm of nasal placode [10] .
SIP arises from the mucosa of the sinonasal tract, almost always unilaterally [11] [12] [13] with male-to-female ratio of 3:1 [9, [14] [15] [16] and the peak incidence around 50 years of age [15, 17] . Tendency to recur after removal and its association with malignancy [18, 19] characterizes this entity. This study aims to assess the efficacy and usefulness of the nasal endoscope in treating SIP.
Materials and Methods
This prospective study was done on biopsy proven cases of SIP in our tertiary care institute for ENT diseases, from June 2009 to May 2011. Minimum follow up period of 15 months with average follow up of 41 months.
28 cases of inverted papilloma were diagnosed in this period. Twenty-seven patients were included in the study and one was excluded because of extensive involvement of bilateral frontal lobes of brain. All the 27 cases were operated; of whom 14 were exclusively resected by transnasl endoscopic approach. Remaining 13 cases were resected by endoscopic assisted open approach (Table 1) . Tumour involving nasal cavity, osteomeatal complex, medial and posterior wall of maxillary sinus, etmoid sinuses and minimal extension into frontal sinus and sphenoid sinuses were exclusively managed by transnasal endoscopic approach. Tumors with extra sinonasal extension, involvement of anterolateral wall of maxilla, associated malignancy and recurrent cases were operated by endoscopic assisted open surgical approach (Figs. 1, 2) .
Apart from assessing the efficacy and usefulness of the nasal endoscope in treating SIP, we also analysed the complications, recurrence and the incidence of associated malignancy in both the approaches.
Results
The age of the patients ranged from 26 to 75 years (mean, 46.07 years); there were 20 men (71.0 %) and eight women (29.0 %) ratio being 2.5:1. Majority of patients belong to fourth decade of life (32 %) followed by fifth decade (28.57 %) with mean age of 46.07 years.The most common symptom was unilateral nasal obstruction. Most common site involved was middle meatus (Table 2) . One patient had tumor extending to anterior cranial fossa exposing dura with associated orbital abscess and ptosis. This patient was found to have associated synchronous squamous cell carcinoma. The same patient had bilateral involvement of nasal cavity and ethmoid which was managed with radiotherapy.
One elderly patient was operated by Caldwell luc with endocscopic assistance because of the involvement of anterolateral wall of maxilla which was not amenable for. Patients were followed up for a mean duration of 41 months (range 15-55 months). Recurrence was found in three of fourteen patients (21.43 %) who underwent exclusive transnasal endoscopic excision of tumor. Out of thirteen patients who underwent endoscopic assisted open approach, three patients (23.07 %) had recurrence (Table 3) .
On an average, tumor recurrence was noted after 15 months. Malignancy was found in three patients, two patients (7 %) were found to have synchronous squamous cell carcinoma, and one (3.6 %) had metachronous squamous cell carcinoma after two years. Two of these patients were sent for radiotherapy and one was found to have liver metastasis and died later. No evidence of recurrence was found in rest of patients till last follow up.
Discussion
Inverted papilloma is a rare tumour accounting for 0.5-5 % of all nasal and sinus neoplasms [11] [12] [13] . The peak incidence of Inverted Papilloma in our study was in fourth decade of life followed by fifth decade. This is in conformity with many reports that peak incidence of SIP is around the age of 50 years [15, 17] . Average age in our study was 46 years. In a collection of 522 patients from five different studies, the average age was 54.3 years at the time of treatment [10, 15, 20] . Though Inverted papilloma is rare below age of 20 years, cases have been found between 6 and 90 years of age [10, 13] . The youngest patient in our study was aged 26 years at time of presentation and the eldest was 75 years.
The majority of patients in our study were males. There were 20 males (71 %) and 8 females (29 %) with male to female ratio in our study was 2.5:1. Male predominance of 2-3 times has been consistently reported in many studies [9, 14-16, 21, 22] .
In our study most common primary site of origin was lateral nasal wall in 89.28 %, middle meatus being involved in 67.86 % of cases, inferior turbinate in 10.17 % and inferior meatus in 7.14 % cases. Krouse in 2001 [23] reviewed and summarized the published experiences with SIP from 1967 to 1997. The primary sites of SIP origin were documented 
including the lateral nasal wall followed by maxillary sinus. In Vrabec's series [10] of 101 cases, 69 had the involvement of maxillary sinus, 41 had ethmoides, 27 had involvement of the frontal sinus. According to Phillips et.al in 1990 [24] , 82 % of inverted Schneiderian papillomas involve the nasal cavity and sinuses, 13 % involve the nasal cavity alone, and 5 % only involve the sinuses. High incidence of variation is due to different follow up periods and cohort sizes [25] . Two patients had synchronous carcinoma and one had metachronous carcinoma in the present study, as is mentioned by many other studies showing an association of 8 % for synchronous carcinoma and 3.5 % for metachronous carcinoma [26] [27] [28] . Reported incidence of synchronous malignancy is higher than that of metachronous malignancy [15, 20, 22, 29] . Malignancy was noted predominantly in men and increased with increasing age [21, 28, 30, 31] . Reported recurrence rate after exculsive endoscopic removal was 28-74 % [7, 9, 12, 32 ]. Krouse's [23] reviewed published data of 30 years on 1426 patients of Inverted Papilloma and found recurrence rate of 18 % after aggressive open surgery (lateral rhinotomy, midface degloving, maxillectomy) and the recurrence rates of 11.8 % after endoscopic surgery. Waitz and Wigand noted a recurrence rate of endoscopic excision similar to the classic open approach [33] . This has also been reaffirmed by Stankiewicz J et al. 1993 and McCary WS et al. 1994 [34, 35] . Juan P. Dı 0 az Molina et al. [36] in their study reviwed 61 cases of SIP noted 14 % recurrence by endoscopic procedures 67 % who were treated by open approaches. 156 cases of SIP were studied in their study of Xiao-Ting et all, tumor recurrence rates for different surgical approach were: 9.09 % for endoscopic surgical group, 23.08 % for traditional surgical group, and 12.12 % for combined surgical group. Synchronous malignancy rates for different surgical approach are: 2.02 % for endoscopic surgical group, 11.54 % traditional surgical group, and 9.09 % for combined group [37] . Of Sixty-seven patients studied by Giotakis et al. [38] reported recurrence rate was 59 % when they used endonasal non-endoscopic approach, 12.5 % with an external incision, and 12.8 % with endoscopic techniques.
In the present study, with the mean duration of follow up of 41 months, recurrence after exclusive trans nasal endoscopic resection is 21.4 %. While 23.1 % had recurrences in Endoscopic assisted Open Surgery arm which is more or less similar to exclusive transnasal endoscopic resection is 21.4 %. This emphasizes the need of endoscopy in clearing the disease even in the open surgical approach. The advantage of using endoscopy is well established in the previous studies in the management of SIP [7, 9, 12, 23, [32] [33] [34] [35] [36] [37] [38] .
In present study, average duration of recurrence following surgery was 27.5 months which is similar to that of Kraft et al. 2003 [39] showing most recurrences within first 2 years of surgery.
Endoscopic management is usually reserved for treating limited and easily accessible tumors, which are confined to the lateral nasal wall with minimal extension into the anterior ethmoids. But now with the advantage of powered instrumentation, angled telescopes, and advanced surgical training; improved the reach and access to the paranasal areas lead to resect more advanced lesions with precision. Although majority of cases are done by external approach by lateral rhinotomy (48.15 %), endoscopic assistance is required to ensure complete removal of tumour to achieve recurrence rates below 23 %. In half of the cases, when the tumour is confined to middle meatus, maxillary sinus, ethmoid, frontal recess and sphenoid sinus exclusive transnasal endoscopic approach was used. Powered instrumentation is extremely useful to achieve good results. When complete resection is not possible, or for tumors with associated malignancy, radiotherapy is recommended as an adjunct to surgery [37, 38] .
Average duration of follow up was 41 months. Diagnostic Nasal Endoscopy was done to look for any signs of recurrence and all suspicious lesions were biopsied.
Conclusion
In Sinonasal Inverted Papilloma, whether or not associated with squamous cell carcinoma, complete surgical removal 
